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poanxc 'win foe peptide svhthesis 

Essfflw*iw» nwel polymerlo 

1116 P \t S ""o; " -tin, polypeptides, 
resin and method suitable « or n t0 be 

Soli d phase f ^-J- > ^ 

the only practical nethod of pro da=ing 

ionger than 8-10 amino acids. _ butyloxyearb onyl) 
synthetic peptides - 1 - < ^ „ 

SPPS - tT.Sii carbonyl, SPPS. Both 
known as Fmoc (9 txu spheres of specially 

The Boc SPPS, altho g su££ers from low 

m ethod for the s^e- ^ ^ ^ ^ 

yield of product < es P eclal ^"\ J^ ity t0 build certain 
ieng length, , low P^y, and an^ ^ 
combiners of the Speoific ally, trifluoroacetrc 

difficulty and expense. P x during 

(TFA) , normally used to depict thea, ^ ^ 
each synthesis cycle » U-B^ ^ peptides £rom 

cleaves approximately 1% of finishes 
the resin spheres. Thus, ^ latter is a 

rapidly during the synthes. ^ 
result of ^^f^^tting new chains to start 
s^s on the re S1 n, ^ hydrofluor ic acid (HP), an 
huildin, thereupon Joreover, , ^ for »any 

integral component Boc S^ ^ ^ 

destructive side exie 

peptides. . tnat an orthogonal 

Emoc SPPS improves upon Boc SPP ^ ^ ^ ^ 

synthesis system is employed. n Unkages are 

chain blodcing *<~"*££l« during each step of 
completely stable to «,e " y ^ deprot ecting 

... the synthesis of pept^es P ^ ^ wbioh 
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and resm support , sinCe ^ ^ ^ 

Moreover only TFA is used >ith Btooc, eliminating £ 

aestructxve side effects o, hp. . some Pmoc spps, J^" 

xir poiyamide resin which generaiiy a S 

olump together rendering it impotent for large soale 
production. ^ cale 

Reference is made to United States Patent 4,831 084 
and 4, 914 , 151 to Kergler et al which describes polystyrene 
resxn-linker formulations which are usable in ^ ZZ 
Unfortunately, the resin described in Hergler is d if f^ 
to prepare since the starting material must made bfa 
multi-step reaction, m addition, the finished synthetic 
pept.de ls cleaved from the resin employing « m ' 
drchloromethane (DCH) . It has been » ™ £ 

s^ong enough to remove a significant fraction of the side 
cham blodung groups, either Boo or triphenylmethyl (Trt, . 
Bee is used to bloc* the functional moiety on the side 
chaxns of the Lys, while Trt blodcs cys and His 
Nation of these amino acids from any pj£ . 
construction severely hinders applicability of the ^ 
Also, the Bergler resin generally operates at a low level 
of substation, thus, precluding large scale Industrie 
Pr^g. K*cing such resin with high loading 
characters, „ oula be e „ sly ^ ^ « 
starting material for this resin is expensive 

reSiDS deVel °P ed f « the production of protected 
Peptide segments or fragments by Faoc-SPPS were susceptible 
to s^lar problems. Host notably, prior resins flaws 
™ the . 1 — ^ «*— * of tryptophan to the 
support resm and the aUcylation of various amino acids 

I" Pr ° dUOt ^ *™ «- -lid support 

There has been a continuing need for resins usable in 
Pmoc SPPS which result in higher yields, and higher purity 

of both naturally occurring and unnatural amino acids, as 



BNSQOCID- <WO 0222591A, l> 



PCI7US92/05046 

WO 92/22591 

well as 0th e r -oxecules contain^ car^Uc acias 
.. moieties. 
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SUMMARY OF THE IWENTTfiKr 

The present invention provides three resins each of 
which provides a unique functional handle unto which 
protected amino acids and other molecules possessing a free 
carboxylic acids moiety can be attached. 

The first resin (Resin #l) takes the formula of 4- 
hydroxy-3-methoxy-benzoyl alcohol (HMBA) attached to a 
polystyrene-dvb copolymer and is a general purpose resin 
for routine Fmoc-SPPS. it is far less expensive to produce 
than the standard p-alkoxy benzoyl alcohol resin used for 
Fmoc-SPPS since the starting material, vanillyi alcohol is 
readily and inexpensively available in large quantities 
The finished synthetic peptide can be cleaved from the 
resin using 25% TFA in dichloromethane (DCM) which is a 
significant improvement over the 95% TFA required to cleave 
products from p-alkoxy benzoyl alcohol resin. The HMBA 
resin may be derivatized or loaded with an amino acid or 
other carboxylic acid containing molecule. 

The second resin (Resin #2) may be termed trityl 
alcohol attached to a polystyrene-dvb matrix. The second 
resin is a very dilute acid susceptible resin for the 
production of protected peptide fragments by Fmoc-SPPS 
The finished protected peptides are cleaved from the 
support matrix with 15% acetic acid and 85% DCM. The 
elimination of TFA during this desirable cleaving step is 
a significant, and unexpected property of Resin #2. The 
level of substitution of the starting material and the 
yield of synthetic peptides using such material is quiet 
high. 

The third resin (Resin #3) is specifically designed 
for the production of peptide amides by Fmoc-ssPS. Resin 
#3 is a trityl amine linked to a polystyrene-dvb matrix. 
Such trityl amine resin may be loaded with an amino acid 
and employed in peptide synthesis using the Fmoc-ssPS 
strategy. The trityl amine resin may also be loaded with 
other carboxyl acid containin molecules to yield carboxyl 
amides. The peptide amide may be cleaved from the resin 



PCT/US92/05046 

WO 92/22591 

us ing * " UltiSt6P SyntheS6S " Unker 

intermediates. use£ul group 0 f 

» « te aP! T 0 S PPS s^hesis has been described. 
re sins ployed in ^ S ^ £ ^ present invention to 

« is therefor, .an u ^ 
provide solid support : res-s j ^ ^ 

^ — Vamino acids, and for any otber 

=£5- — J . — Mention to 

« is another ^^J^ ^olsol id pbase peptide 
provide a soiid support res^for m ^ 

synthesis which results in hign 

polypeptides. inve ntion is to provide 

Another object of the pr synth esis 
sol id support resins ^.^^Xns during the 
which eliminates undesirable «* £ support 
attachment of the first amino add 

BatriX " of the present invention is to 

yet another object J^* ^^ phase peptide 
provide solid support resins ,1 ^ ^ 

sr^rr ~— - - - 

specification continues. 
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resin of the prior art to the vanillyl alenhm 
dative ^^^e^^* - • 





CHzOH 



The B with a circle around it indicates a styrene- 
^ylbanzene copolymer in . gel fonj ot a ^ 
»aich is suitable for flow synthesis. PelllCUlar f °» 

Resin ft nay be represente(i by tte fonowing foauiae: 



| 
I 

CHzQH 



where: »„» is ^ basic ^ of ^ ^ 

lei r 71 ' ° r l0 " er alkyl 9r ° UP haVin ' < 7 > «*- or 
less. R Bay also s tand for aethoxy, ethoxy, or lower 
alkoxy group having (7) carbons or less. 

Treating the above resin with an F„oc-amino acid group 
loads or derivatizes the subject resin. Such J lu * 
takes place xn the presence of carbonyldiiaidazol (CM, and 
? Ihe is hy filtration Li an 

xncubatzon period. The following formulae represents the 
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_^-CH 4 -CH-CH r )- 



CH.O-C-B 1 

•4. «f ^-hP resin matrix, R 1 an alkyr 

— is ** ba r :r ;t . — ■« 

or alkoxy group, and where w . It ha s been 

discovered that the de ^ ^ , 

be cleaved usrng Ml ^ „ y the 

;r r^r — : le SW e ^ « ^ 

^yrene-dvh -^-^JTS^l- <-> * 
P—ce of alu»inu. > chXorxde - ^ ^ ^ a „ 
produce e Keto resrn. - ^ ^ presence of 

alCOh01 , luran (^coording to the following reaction: 
tetrahydrofuran (it«l 




Resin 12 is a very dilute 



acid susceptible resin which 
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»ay be employed for the production of protected peptide 
fragments by. Fuoc-spps. 15t acetic acifl ^ 8g% ^ 
than TFA, na y be used to cleave the finished protected 
peptides fro a the support matrix. " Resin J 2 may be shown by 
the following formula: 



-f-CH 2 — CH— CHz-Js 



-A 



C— OH 



where »n« is the basic unit of the resin matrix, R,, » j> 
and/or * 4 is either hydrogen, methyl, ethyl, or lower alkyl 
groups of (7 , carbons or less, methoxy, ethoxy, . or lower 
alkoxy groups of (7) carbons or less, in its derivatized 
or loaded form, resin 2 may be represented by the formula: 




where % is an amino acid moiety or other carboxylic acid 
containing molecule. It should be noted that the alcohol 
functional group of Resin #2 must be converted to a 
chloride prior to loading, which will be described in 
detail hereinafter. 

Resin #3 is used specifically for the production of 
peptide amides by Fmoc-SPPS and is prepared according to 
the following reaction where a trityl chloride resin is 
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converted to the trityl amine resin (Resin #3) in the 
presence of anhydrous ammonia and DCM: 





« should he note that the trityl chior.de res „ shown 
above may he gathered from the denization proces with 
respect to resin #2 under the following reaction by 
Treeting trityl alcohol resin with acetylchloride „ the 
presence of DCM: 



0_T_ OH 4. ch.coc. . 

6 




Th e trityl chloride resin may he loaded with the Fmoc- 
The trity rted t0 the trityl amine resin 

mim acid ^ \^ ine resin (Re sin «3, -ay he 

above shown. The triryi 

presented by the following formula: 



h «n» is the basic unit of the resin matrix, B„ B,. V 
where »n» is the oa lowej . alkyl 

■*« * T hYd ir ( ;, Xns — , ethoxy or other 
«T-min with less than ( / } caiywi ' 
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represented by the following formula: 

-fCH a — ch— c Ha -}_ 

where R. is an ^ acid fflo . ety or ^ 

containing molecule. 

The present invention is illustrated by the following 
examples, but is not deemed to be restricted thereby 
Abbreviations appearing therein are ones normally used in 
the field of solid phase peptide synthesis. 

EXAMPLE 1 

This example describes the production, derivatization 
and cleavage of resin §1 hereinbefore described. 

6.0 gm of chloromethylated polystyrene-DVB 
copolymer at 4.15 meg of chloride per gram of resin was 
swollen in 50ml of either dimethylacetamide (DMA) or 
dimethylformamide (DMF, . li. 2 4gm of 4-hydroxy-3-methoxy 
benzyl alcohol (HMBA or vanillyl alcohol, was dissolved in 
20ml of DMA. This solution was added to the swollen resin 
and mixed. 3.94gm of sodium methoxide was then added to 
the suspension and incubated at 65' C for 8 hours and then 
steadily mixed overnight at room temperature. The 
resulting HMBA resin was collected by filtration, washed 
with DMF, twice with dichloromethane (DCM) , once with 
methanol, and again, twice with DCM. The washed filtrate 
was dried in an oven at 45 • Centigrade. The resulting 
yield was n.63gm of derivitized HMBA resin which 
calculated to a weight gain of 5.63gm. it was determined 
that 36.5 mmoles of the HMBA was attached to the 
polystyrene-DVB copolymer. Thus, the final product 
included 2.7mmole/gm of functional units. l.Ogm of this 
product was loaded using exemplar Fmoc-phenylalanine as 
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2 0« ' of carbonyldiimidazol <12.3m»ole) was 

. dissolved with 2 - 6?m _ anfl preincubated at room 

XOml of DCM, ^^'^'^^Lure was then added 
temperature for 1^-1 minxes- J* 

the HMBA resin, and the susp ^ ^ ^ 

ll^rJ washed twice with «. once with 
--T^or^n^^Ta^ 

X.Oml of 2« pyrrole ^ aensity o£ . 

and diluting the volume to 10*1. « 

1:X0 dilute sample was then ^ „*. The 

divi ded by the molar extension ^efficient x 
suiting value represents the £ substituti on 

attached - .e resin and of .ample x. 

achieved. In this ixj. yas 
of musses the leve! of 

achieved. The acids usino. 

sub stitution achieved jrt* other 
similar techniques to the 
employed with Fmoc-phenylalanine. 

TABLE I 

•„ n»o«tn $1) with Fmoc-Amino Acids 
Xoadin, of HMBA resxn (Kesm ^^^^ 

^^■hiovftd in nimole/aB 
SQocrAmino^Sid q ^ Q>69 & 0>50 

Fmoc-Ala q ^ 0>52 & 0t73 

Fmoc-Gly o>35 



Fmoc-Gln(Trt) ^ 

Fmoc-Glu(o-t-But) o ' 5 ^ q 1M & Qf83 

FmOC - LeU 1.24 & 0.69 
Fmoc-Phe 



0.47 



Fmoc-Pro 0 . 70 & 0.39 

Fmoc-Ser(o-t-But) ^ ^ 

Rnoc-Tyr(o-t-But) ^ & ^ 

^ loaded resins a»ove identified can he used in 
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Fmoc-SPPS and the cyclic additions of amino acids through 
the use of -preformed symmetric anhydrides, DIPCDI/HOBt, 
BOP/HOBt or various other coupling methods. Subsequent to 
building the desired peptide sequence, peptide (with a free 
carboxyl terminal) is cleaved from the support resin by 
treating the peptide-resin with 100ml of 25% TFA in DCM per 
mmole of peptide. The following Table II illustrates the 
txme course for cleavage of various Fmoc-amino acids from 
the support resin. The free synthetic peptide is isolated 
and used as desired. 



TFA. 



TABLE II 

Cleavage of Fmoc-Amino Acids f rom HMBA Resin with 25% 

Fmoc-Amino Arid Length of tmWj™ Mmole/am 
Fmoc - Leu 10 min. o.22 

20 min. 0.22 
.30 min. o.28 
60 min. 0.38 
120 min. o.23 
Fmoc - Val 10 min. o.36 

20 min. o.36 
30 min. o.32 
60 min. 0.42 
120 min. 0.45 
Fmoc-Gln(Trt) 10 min. 0 .25 

20 min. o.30 
30 min. o.26 
60 min. o.24 
120 min. 0.28 
EXAMPLE 2 

Production, derivitization, and cleavage of resin #2 
(trityl alcohol resin) . 

50gm of polystyrene-DVB copolymer was swollen in 400ml 
of dichloroethane (DCE) or DCM and the suspension chilled 
to -6-c. 56mm of benzyol chloride and 64gm of aluminum 
chloride were suspended in 100ml of the same solvent and 
added dropwise to the suspended resin with constant mixing. 
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■ Edition was completed, the suspension 
A£t er the dropwise addition « P resin 

. was allowed to come to «™ ^ ^nstant mixing. - 
£or mation oontinued overnight ^ ^ 
resulting keto-resm was collected y dcm 

• ^v tv^t once with methanol, again, twice 
twice with DCM, once « ^ ^ grams of 

and dried in an even at 45 . keto _ resin was 

suspended in 50ml of tetrahy ^ ^ ^ ^ 

phenylmagnesium bromide Gri gnard reaction was 

pension with octant yield t rityl 

incubated overnight at ro ^ fcy fUtration , 

elcohol resin <«-»»> * again , twice 

washed twice with DCM, one ^ 

wit h DCM, and £ a oh i or ide prior to 

alcohol resin is then ^ convert ^ ^ 

loading. The dri« ^»«^X ^ ^ o£ aoetyl 

reaction was swollen in 50ml over night et 

deride (UOmmole, was added ^up from a 
room temperature to »-rt fe ce3ln „ as 

n ydroxyl to a chloride, The the trityl 
collected hy filtration -washed and^ ^ 
alcohol resin hereinbefore. 1 3 . 8 7gm of Fmoc- 

resin 3 grams of the earned em^ J 
pnenyalanine ( 10mmo e « - ^ diisopropylethylaB ine 
m0 lecule and a„ eg,ival«> ^ ^ suspenslon 

(nBM disolved in DCM w ture (21 - c, . The 

incubated overnight at * and dr ied in the 

product was collected *£J"£Ll resin hereinb efore 
same manner as the r 1 determined on a 

described. The level w ith 1.0ml of 

iomg sample by ^^JJ," f L resin, adjusting 
20 % pyrrolidine in DCM, "*^» denslty of a 1,10 

tne volume to 10ml Q D V the molar extinction 

dilute sample and dividing • - ^ 
coefficient x 10 • ^ attaohed to the resin 

T Z ZZs » — of substitution achl 
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Table m beXow Ulustrates the level of -substitution 
achieved with various Rnoc e»i„o acids using resin #2: 
TABLE III 

Loading of Trityl Alcohol Kesin (Resin #2) with Fmoc- 
Ammo Acids. 



Finoc-Aminn Unin 
Fmoc-Ala 
Fmoc-Cys (Trt) 
Fmoc-Cys (Acm) 
Emoc-Asp (o-t-But) 
Fmoc-Glu (o-t-But) 
Fmoc-Phe 
Fmoc-Gly 
Fmoc-His (Trt) 
Fmoc-Ile 
Fmoc-Lys (Boc) 
Fmoc-Leu 
Fmoc-Met 
Fmoc-Asn 
Fmoc-Asn (Trt) 
Fmoc-Pro 
Fmoc-Gln 
Fmoc-Gln (Trt) 
Fmoc-Arg(Mtr) 
Fmoc-Arg(Pmc) 
Fmoc-Ser (o-t-But) 
Fmoc-Thr ( o-t-But) 
Fmoc-Val 
Fmoc-Trp 

Fmoc-Tyr ( o-t-But) 



Level of Siibsttotisa 
Achieved i n mmoleZgm 

0.41 

0.95 

0.46 

0.95 

0.34 

0.95 & 0.62 
0.80, 1.00 & 0.60 
0.81 
.1.03 
0.85 

0.88 & 0.79 
0.83 
0.76 
0.65 
0.84 
0.53 
0.42 
0.31 
0.31 
0.85 
0.85 
0.91 
0.66 
0.82 



The derivatized or loaded resin was then ready for use 
in Fnoc-SPPS a„ a the cyclic addition of amino acids using 
preformed symmetric anhydrides with an equivalent of diea 
or BOP/HOBt/DIEA coupling. Various eaino acids were 
attached and cleaved from the support resin by treatment of 
the peptide-resin with 200*1 of 15% acetic acid end DCM per 
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x +<A* ' Table IV illustrates the time course for 



resin. 

gmgc^ttjno Acid 
Fmoc-Phe 



Fmoc-Leu 



Fmoc-Gly 



TABLE IV 




T.^h of incubation 


Mmgle/gm 


10 min. 


0.67 


20 min. 


0.59 


30 min. 


0.59 


60 min. 


0.61 


120 min. 


0.60 


10 min. 


0.83 


20 min. 


0.67 


30 min. 


0.66 


60 min. 


0.78 


120 min. 


0.75 


10 min. 


0.60 


20 min. 


0.54 


30 min. 


0.59 


60 min. 


0.74 


120 min. 


0.52 



EXAMPLE 3 

through the suspension ovenugK The tr J ^ 

the process * P amlno acid s. As an 

^VTlTram o Lc-phenylalanine (... -ie, , an 
example, 3.1 gram of P _ ide (DIPCM) , an a 

equivalent amount of diisopropyic 
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suspension incubated 4-6 hours at room temperature (21- C) 
The product was collected by filtration, washed, and dried 
by the process heretofore described. The level of 
substitution was determined on a lOmg sample by cleaving 
off the Rnoc group with 1.0ml of 20% pyrrolidine in DCM, 
filtering off the resin, adjusting the volume to 10ml, and 
measuring the optical density (OD) of a l:io dilute sample 
and dividing the OD by the molar extinction coefficient x 
10 . The resulting number represents the mmole/gm of naoc- 
amino acid attached to the resin and equals the level 
substitution achieved. Table V illustrates the level of 
substitution achieved with various Fmoc-amino acids 
prepared by using resin #3: 

TABLE V 

Loading of Trityl Amine Resin (Resin #3) with Pmoc- 
Amino Acids. 

Level of s^+n-^j^ 
ttnoc-Ammo Acid Achieved injole/gm 

Fmoc-Met _ 

0.15 

Fmoc-Phe , „ 

1.30 

Fmoc-Pro „ „_ 

0.35 

Fmoc-Asn Q 

Again such loaded resins can be used in Fmoc-SPPS and 
the cyclic addition of amino acids using methods heretofore 
described in Examples I and II. Peptide sequences built 
using the resin of this Example were cleaved from the 
support resin by treating the peptide resin with loom! of 
25% TFA in DCM per mmole of peptide. The cleaved entity is 
a free peptide with a carboxyl amide terminal. Table VT 
illustrates the time course for cleavage of various Fmoc- 
Amino Acid-Amides from the support resin. 

TABLE VT 

Cleavage of Fmoc-Amino Acid Amides from Trityl 
Amine Resin with 25° TFA in DCM. 
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Fmoc-Pro-NH 2 



Fmoc-Asn-NH 2 



t nf Incubation 


Mmole/om 


10 min. 


0.19 


20 min. 


0.13 


30 min. 


0.19 


60 min. 


0.19 


120 min. 


0.16 


10 min. 


0.88 


20 min. 


0.62 


30 min. 


0.75 


60 min. 


0.42 


120 min. 


0.39 



EXAMPLE 4 

ploying resin fl of Example I (HHBA Resin), a 12mer 

having the following formula was built: 

L-Tyr-Cys-Ua-Pro-Leu-Lys-Pro-Ala-Lys-Ser-Ala 

2 0 mgm of Fmoc-Al a-HMBA resin, of Example 1 at 

of -^i-j^-ir-: 
irrr^r-were — * 

^addition of each 
four fold molar excess of the maiviauai 
IZ and DIPCDl during ooupling oyole. The Emoo- 
^oting group was removed using ,0, « 

Z synthetic peptide was cleaved from support ^ resin ^d 
the side chains of the Afunctional amino acids were 
Ifproteld simultaneously by treating the peptide-res n 
TEA, 4% water and DTT in DCH. The crude peptide 
really Purified byg* filtration in ^cet. = 

, Le 2 ^ptide wis purified to . 
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following results shown in Table VII below. 

TABLE VII 

Theory Found 
^ 3 2. 9 

^ 1 1.0 

LyS 2 2.o 

Pr ° 2 2 .o 



Cys x 



present 



Ser 1 0.9 

^ U 1 1.0 

EXAMPLE 5 

Utilizing the HMBA resin of Example I (Resin #1) the 
following peptide was constructed: 

Ser-Tyr-Thr-Asn-Pro-Glu-Phe-Val-Ile-Asn-Val 
465 mgm of Fmoc-Val-HMBA resin at a level of 
substitution of 0.43 mmole/gm (0.2mmole of substituted 
resin) was employed. The cyclic addition of each Fmoc-amino 
acid was achieved using a four-fold molar excess of the 
individual Fmoc-amino acids, HOBt, and DIPCDI during each 
coupling cycle. The Fmoc protecting group was removed 
using 20% pyrrolidine in DMF during the deprotection step 
of each cycle. The peptide was cleaved from the support 
resin and the side chains of the trifunctional amino acids 
were deprotected simultaneously by treating the peptide- 
resin with 25% TFA, 4% water, and 1% DTT in DCM. The crude 
peptide was partially purified by gel filtration in 25% 
acetic acid and yielded 256 mgm of peptide. Based on a 
molecular weight of 1282.3, the yield was 99.8%. The 
partially pure peptide was purified to homogeneity by 
preparative HPLC and yielded 119 mgm of pure peptide (46.4% 
overall yield) . Amino acid analysis of the peptide yielded 
the following results which is represented in Table VIII 
below. 



Residue 
Asx 



TABLE 6 

Theory 
2 



Found 
2.1 
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, 1.0 

1 i-o 

Tyr 



Thr 



0.9 



1 1 '° 

2 2 *° 

Val 2 
EXAMPLE 6 

Utilizing the HMBR resin (Resin 1) of Example I. the 
following peptide was constructed: 

3S4 »g» =f F»oc-Ser<o-t-B»t,-HHBA resin at 0^9 
m ole/g, (0.15 M«ole of substituted resin) « 
Sc lie addition of each Faoc-amino acid was achxeved using 
7tL fold »olar excess of the individual Fnoc-a.ino 
acids HOBt, end DIPCDI during each coupling cycle 
« T rotating group was removed using « » 
DMF during the deprotection step of each cycle^ The 
peptide was cleaved fro* the support re S1 n and the -ae 
'chains of the Afunctional a»ino acids were deprc , e ed 
simu itaneously hy treating the peptide-resm »«\»^ 
4% water, and 1% DTT in D«. The crude peptide was 
Partially purified hy gel filtration in ,5% acetic acid and 
yiel ded 231 «. of peptide. Based on a molecular weight of 
I io 9, the yield was 95.6%. The partially pure pept de 
^ purified to homogeneity hy preparative HPL, and yielded 
m »g» of pure peptide (70.9% overall yield, . M^o add 
ZZs of the peptide yielded the following results which 
is shown in Table IX: 

TABLE IX 

gesidue 2^ *ff 

Pro x 
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Phe 2 2.o 

Ser 3 2.6 

^ 1 1.0 

EXAMPLE 7 

The following protected peptide was constructed using 
the trityl alcohol resin of Example II (Resin 2): 

Fmoc-Cys (Trt) -Ser (o-t-But) -Asn-Leu-Ser (o-t-But) -Thr (o- 
. t-But) -Cys (Trt) -Val-Leu-Gly 

100 mgm of Fmoc-Gly-Trityl resin at 1 . 00 mmole/gm ( o . 1 
mole of substituted resin) was used. The cyclic addition 
of each Fmoc-amino acid was achieved using an equivalent 
HOBt, a three fold molar excess of the individual Fmoc- 
amino acids and BOP, and a 6 fold molar excess of DIEA 
during each coupling cycle. The Fmoc-protecting group was 
removed using 20% pyrrolidine in DMF during the 
deprotection step of each cycle. However, the last Fmoc 
protecting group on the amino acid terminal residue was not 
removed. Therefore, the amino terminus as well as all the 
side chains of the trifunctional amino acids were still 
protected when the synthesis of this peptide was complete. 
The fully protected peptide was cleaved from the support 
resin with 15% acetic acid in DCM. The protected peptide 
was collected, the acetic acid extracted into water 3 
times, the solvent removed by rotary evaporation, and the 
product dried over P 2 0 5 under vacuum. 165 mgm of protected 
peptide was recovered. Based on a molecular weight of 
1805.0 for the fully protected peptide, the yield was 
91.4%. A sample of the protected peptide is treated with 
20% pyrrolidine in DCM to remove the Fmoc-protecting group, 
and the sample was hydrolyzed for amino acid analysis. 
Amino acid analysis of the sample yielded the following 
results which is shown in Table X. 

TABLE X 

Besidue Theory Found 

Asx i 1<0 
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Thr 

Cys 2 Present 

2 I' 8 



! 1.0 
! 1.0 
2 2.1 



Ser 
Gly 
Val 
Leu 

EXAMPLE 8 

The following peptide was constructed using the Trityl 
alcohol resin of Example II (Resin 2) : 

Fmoc-Glu(o-t-But) -Thr (o-t-But) -Leu-Pro-Gln-Gly 
200 mgm of Frooc-Gly-Trityl resin at 1.0 mmole/gm (0.2 
rmole of substituted resin) was used. The cyclic addition 
of each Fmoc-amino acid was achieved using an equivalent of 
HOBt, a three fold molar excess of the individual Fmoc- 
amino acids and BOP, and a six fold molar excess of DIEA 
during each coupling cycle. The Fmoc-protecting group was 
removed using 20% pyrrolidine in DMF during the 
deprotection step of each cycle. However, the last Fmoc- 
protecting group on the amino terminal residue was not 
removed. Therefore, as with Example VII, the ammo 
terminus as well as all the side chains of the 
trifunctional amino acids were still protected when 
synthesis of the peptide was complete. The fully protected 
peptide was cleaved from the support resin with 15% acetic 
acid in DCM. The protected peptide was collected, the 
acetic acid extracted into water 3 times. The solvent was 
removed by rotary evaporation and the product dried over 
P A under vacuum. 177 mgm of protected peptide was 
recovered. Based on a molecular weight of 960.8 for the 
fully protected peptide, the yield was 92.2%. A sample of 
the protected peptide was treated with 20% pyrrolidine in 
DCM to remove the Fmoc-protecting group, and the sample 
hydrolyzed for amino acid analysis. The amino acid 
analysis yielded the following results which is shown m 
Table XI. 
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TABLE XI 



Residue 


Theory 


Foun< 


Glx ■ 


2 . 


2.0 


Thr 


1 


0.9 


Pro 


1 


1.0 


Gly 


1 


1.0 


Leu 


1 

EXAMPLE 9 


1.0 



Employing the Trityl Amine resin of Example III (Resin 
#3) the following peptide was constructed: 
Lys-Lys-Tyr-Leu-Glu-Ser-Leu-Met-NH 2 
170 mgm of Fmoc-Met-Trityl Amine resin at 0.15 
mmole/gm (0.025 mmole of substituted resin) was used. The 
cyclic addition of each Fmoc-amino acid was achieved using 
a four fold molar excess of the individual Fmoc-amino 
acids, HOBt and DIPCDI during each coupling cycle. The 
Fmoc-protecting group was removed using 20% pyrrolidine in 
DMF during the deprotection step of each cycle. The 
peptide was cleaved from the support resin and the side 
chains of the trifunctional amino acids were deprotected 
simultaneously by treating the peptide-resin with 25% TFA, 
4% water, and 1% DTT in DCM. The crude peptide was 
partially purified by gel filtration in 25% acetic acid and 
yielded 24 mgm of peptide. Based on a molecular weight of 
1010.4, the yield was 95%. The partially pure peptide was 
purified to homogeneity by preparative HPLC and yielded 20 
mgm of pure peptide (79.2% overall yield). Amino acid 
analysis yielded the following result is shown in the 
following Table XII: 



TABLE XII 



Residue 


Theory 


Found 


Glx 


1 


1.0 


Met 


1 


1.0 


Tyr 


1 


1.0 


Lys 


2 


2.0 


Ser 


1 


0.9 


Leu 


2 


2.0 
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EXAMPLE 10 

Th e following peptide was constructed utilizing the 
Irit yl Amine resin .TW m ("•*» 3 > ! Pb6 - Het - M9 

"H. mgm of Fmoc-Phe-Trityl Mine resin at l£ 
_J* (0 ^0 ™ole of sub S tituted resin, was used. The 
"I I" ition of each Fmoc-amino acid was achieved using 
Til fold -lar excess of the individual Fmoc-amin 
.ids HOBt and DIPCDI during each coupling cycle. The 
rejecting group was removed using =0* pyridine » 
DHF Ling the depletion step of each cycle Th 
^ida was cleaved from the support resin with 25% TFA ana 
f Itt » « - minutes. The crude peptide was then 
trleTwith 50% TFA and 10% thioanisole in DCM overnight 
rale the Pmc hlocKing group from the s*e chain o 
„L The peptide was partially purified by gel 
Srtlon inVLetic acid - 
peptide. Based on a molecular weight of 598.8 , the yiel 
!lf Vol 8% The partially pure peptide was purified to 
was 101.8%. P yielded 107 mgm of pure 

homogeneity by preparative HPLC and yie . 
oentide (89.3% overall yield). Amino acid analysis yiel 
'the follow results which is shown by Table Xin below. 
TABLE XIII 

Theorv -? ound - 
Residue ^ 



Met 
Phe 
Arg 



2.0 
1.0 



«U."L WU. „M««.<> °< »•»"■"' 

that numerous changes may be made in such detail with 
parting from the spirit and principles of the invention. 
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WHAT IS CT,ATMT?n ro 

1- A polymeric resin suitable for use in peptide 
synthesis consisting essentially of the formulae: 

6 



I 



I 

CH x0 H 



where »n» is the basic unit of the resin matrix, R is an 
alkyl or alkoxy group. 

2. The polymer resin of claim l in which R is a 
methoxy group and the polymer and the polymer matrix is 
polystyrene- divinylbenzene copolymer. 

3. The polymeric resin of claim 1 in which R is a 
lower alkoxy group and the polymer matrix is a polystyrene- 
divinylbenzene copolymer. 

4. The polymeric resin of claim 1 in which R is a 
methyl group and the polymer matrix is a polystyrene- 
divinylbenzene copolymer. 

5. The polymeric resin of claim 1 in which R is a 
lower alkyl group and the polymer matrix is polystyrene- 
divinylbenzene. 

6. A derivatized polymeric resin suitable for use in 
peptide synthesis comprising essentially of the formulae: 

6 
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where «n« is the basic unit of the resin matrix R 1 is an 
lyl or alKoxy group and where R is an amino acxd moiety 
or other carboxylic acid containing molecule 

7 The derivatized polymeric resin of claim 6 in 
which R 2 is an amino acid moiety or carboxylic acid 
containing molecule linked to a protecting group _ 

8 a polymeric resin suitable for use in peptide 
synthesis consisting essentially of the formulae: 




where -n« is the basic unit of the resin matrix, R,, £ 
end R 4 are selectively hydrogen, an alxoxy, and an alxyl 



group 

9 



9 The polymeric resin of claim 8 in which the 
polym l; matrL is polystyrene cross-linKed with 

^"polymeric resin of claim 9 in which R,, R,, R, 

^ \r rtSTpolymeric resin suitable for use in 
peptide synthesis consisting essentially of the formulae: 




.. . ,v, a v^qic unit of the resin matrix, R., R 2 , * 3 
where »n« is the basic unit 
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group. 

12. The derivatized polymeric resin of claim 11 in 
which R,, r 3/ ^ r 4 are each hydrogen and ^ . s ^ am . no 

acid moiety or a carboxylic acid containing molecule linked 
to a protecting group. 

13. A polymeric resin suitable for use in peptide 
synthesis consisting essentially of the formulae: 




where »n» is the basic unit of the resin matrix, R„ R^ r,, 
R 4 are selectively hydrogen, an alkoxy, and an alkyl group! 

14. The polymeric resin of claim 13 in which the 
polymer is polystyrene cross-linked with divinylbenzene. 

15. The polymeric resin of claim 13 in which R,, R 2 , 
R 3 and R 4 are each hydrogen. 

16. A derivatized polymeric resin suitable for use in 
peptide synthesis consisting essentially of the formulae: 



-^CH 2 — CH— CHt-^. 




-where »n» is the basic unit of the resin matrix, R,, r^ r 3 
and R 4 are selectively hydrogen, an alkyl, and an alkoxy* 
group. 
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„. The derivative* polymeric resin of claim" in 
. . . p ■ tj E and R are selectively hydrogen and R, is 
rlno a^moiety o'r a carbolic aoid group UnKed to 

4 ^rTpci^ic resin suitable for use in peptide 
synthesis consisting' essentially of the formulae: 



■4- 



c-ci 

or 



„nit of the resin matrix, R,, E 3< 
where -n- is the basic unit of th 
and K 4 are selectively hydrogen on alKoxy 

9IOUP i 9 . A method of synthesizing a peptide comprising the 
StSPS a. providing a derivatised polymeric resin 
having the formulae: 

-t-CHj— CH— CHt-jn- 

i 



CHzO— B*— R 5 



«f the resin matrix, R 1 is an 
where »n» is the basic un «£J ^ ^ rJ ^ 
alkyl or alkoxy group, R is an 

a protecting group from th e amino 



acid moiety; and 
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c. coupling an amino acid having a protected 
ammo terminal group to the R 2 group. 

20. A method of synthesizing peptide comprising the 
steps of: * 3 

a. providing a derivatized polymeric resin 
having the formulae: 



-f CHr-CH-ov).. 

6 
6 

where R 1 is en amino acid moiety and R 2 is a protecting 
group; * 

b. cleaving the protecting group from the amino 
acid moiety; and 

c. coupling an amino acid having a protected 
amino terminal group to the R 1 group. 

21. A method of synthesizing peptide comprising the 
steps of: 

a. providing a derivatized polymeric resin 
having the formulae: 

-f-CHr-CH-CH^ 

6 

where R 1 is an amino acid moiety and R 2 is a protecting 
group; 

b. cleaving the protecting group from the amino 
acid moiety; and 

c. coupling an amino acid having a protected 
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amino terminal group to the R 1 group. 
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